The purpose of this autopsy study was to test the hypotheses that temporomandibular joint (TMJ) arthrosis is more common in women than in men, increases with age, and is more common in edentulous persons than in those with natural teeth. Two hundred forty-eight TMJs removed at autopsy from 224 fresh cadavers were investigated macroscopically with dissection or cryosectioning.
Clinical studies report that women have temporomandibular joint (TMJ) disorders and come for treatment more often than men. The women to men ratio has ranged from 2.3: 1 to 9: 1 .I, 2 Magnetic resonance imaging (MN) studies have shown a high prevalence of different forms of disk displacement in patients about to be treated for TMJ pain and dysfunction.3 Over the years we have conducted muitiple studies on TMJ autopsy specimens, but we have not seen a strikingly higher prevalence of morphologic changes in the joints of women compared with the joints of men. The first purpose of this investigation was to compare the prevalence of morphologic alterations in women and men.
It has been suggested in earlier studies4 that morphologic alterations increase with age. This is an important observation because the number of patients with TMJ signs and symptoms appear to decrease with age. 5, 6 The second purpose was to study morphologic changes in relation to age. Men >79 of years age 31 84. 4 3.83 Women >79 years of age 35 83.4 3.40 All specimens 248 12.3 10.87
The age range was 33 to 94 for the specimens from men and 43 to 92 for those from women. A t test of mean ages did not show significant differences between specimens from men and women in any subgroup. Levene's test for equality of variances did not show significant differences in any subgroup.
It has been suggested that morphologic changes are associated with a lack of nat.ural teeth,4l 7 and the third purpose of the study was therefore to relate the presence of morphologic alterations in the TMJ to the presence or absence of natural teeth.
MATERIAL AND METHODS
The study 'was based on 248' TMJs ( 154 from men, 94 from women). The joints were removed from 224 fresh cadavers. The mean age at death was '11.5 years (SD = 10.89 years) for the men and 73.6 years (SD = 10.76 years) for the women (Table I) . No information was available about TMJ symptoms before death.
Four aspects of joint morphology were evaluated: disk displacement, disk deformation, disk perforation, and arthrosis of condyle, glenoid fossa, and articular eminence. The position of the disk was classified as normal or displaced according to previously described criteria.' Normal position was denoted when the posterior band of the disk was superior to the condyle and the central thin zone of the disk was located between the anterior prominence of the condyle and the posterior prominence of the articular eminence (Fig. 1) . A displaced disk was denoted when the disk was displaced from the superior position (Fig. 2) . The form of the disk was classified as normal biconcave or as deformed. Deformation included thickening of the posterior band, biplanar, or biconvex configuration of the disk. Perforation was denoted when there was communication between the lower and upper joint spaces (Figs. 3 and 4 ). Perforations were seen most Table VII ).
frequently in the posterior disk attachment but occasionally also in the disk proper. Arthrosis of the articular surfaces was noted when the smooth, shiny articular surface was replaced by irregularities and exposure of bone (Figs. 4 and 5) . Cryosectioning or dissection was used to assess joint morphology and performed as previously described.9 At the time of autopsy the remaining natural teeth were counted. Fixed crowns and bridge pontics were included in the number of remaining teeth. Artificial teeth in removable dentures were not included in the count of remaining teeth.
Differences between observed and expected frequencies were tested using Yates corrected x2 test as default and Fisher's exact test when expected frequency was less than five in any cell. Tests of statistical significance do not measure the strength of relationship between variables; they only show if a relationship exists. To measure the strength of one association we used Cram&r's Vtest that is a x2-based measure of association that can attain values between 0 and 1 for tables of any dimension. Zero corresponds to no association and 1 to perfect association. The values were calculated using the formula:
where k is the smaller of the number of rows and columns, N = number of observations and x2 = the Pearson chi-square statistic. The association was to be considered negligible if CramCr's V was less than 0.10; weak if equal to or higher than 0.10 but below 0.20; moderate if equal to or higher than 0.20 but below 0.40; relatively strong if equal to or higher than 0.40 but below 0.60; strong if equal to or higher than 0.60 but below 0.80; and very strong if equal to or above 0.80. None of the values in this study were greater than 0.60. Cram&r's Vrarely achieves a value of 0.80 or above.'0a I1
The age distributions in the different subgroups were compared using the Levene test for evaluating the assumption that the groups came from populations with equal variances. l2 The null hypothesis that group variances were equal was rejected if p> 0.05. The Independent-Samples T test procedure was used to compute Student's t statistic for testing the significance of a difference in age-means for independent samples. r2 Logistic regression was used to estimate those from persons with at least 10 remaining teeth L in the effect of age, sex, and dentition on the morphoboth the upper and the lower jaws, a total of 20 or logic variables.r3 more teeth. The other group contained TMJs frc 3m The relationship between morphologic alterations those persons who were edentulous, that is, they h lad in the joint and dentition was analyzed by dividing the no remaining natural teeth. Edentulous persons, bc ,th TMJs into two groups. One group was composed of with and without dentures, were included in this 1 at- ter group. Thus two extreme groups were used for analysis of the influence of dentition. TMJs from 85 persons, who did not fit into either of these groups, were excluded from this analysis. The term dentition was used to characterize this analysis in the presentation of the results and in the discussion The mean age of those with 20 or more remaining teeth was lower (p < 0.001) (65.4 years i 12.50 SD, N = 60) than those without teeth (76.8 years & 8.61 SD, N = 103) . Comparison between the groups was therefore made with logistic regression instead of the x2 test to avoid the confounding effect of differences in age.
RESULTS
The prevalence of displaced, deformed, and perforated disks was higher, but not significantly higher, in the TMJs of women than in those of men (Table XI) . The prevalence of morphologic changes increased with age (Table III) , but the age factor as tested by logistic regression was signilicant only in the prediction of arthrosis and disk perforation (Table IV) . No sex differences were observed in those under 80 years of age (Table V) . In those who were 80 years and older (Table VI>, however, there was a significantly higher prevalence of disk displacement and disk perforation in TMJs from women than men (p < 0.05).
In 24 persons both left and right TMJs were removed. The morphologic alterations were similar on both sides in 14 of those persons. Seven persons had differences between sides with respect to one variable, and three persons had differences with respect to two variables.
No significant difference in prevalence of any of the Logistic regression models were obtained with good overall correctness, using the factors age and sex for prediction of disk perforation (correctness 86.3%) and arthrosis (correctness 79.4%) (Table IV) . Age was a significant factor in both predicting disk perforation (p < 0.05) and arthrosis (p < 0.001). The sex factor had a low p-value (p -0.055) in prediction of disk perforation. This model was also improved by adding the interaction age/sex factor. The models for disk displacement and disk deformation could not be significantly improved by adding age and sex factors. No model gained by adding the dentition factor. There were significant associations between all the recorded morphologic variables, disk displacement, arthrosis, disk deformation, and disk perforation (p < 0.001) (Table VII) .
clinical finding that the female/male ratio in patients who seek treatment for TMJ pain and dysfunction is heavily biased to the woman side. Another result of interest was the increase of morphologic changes with age, which is in contrast to the decrease in treatment need reported by several epidemiologic studies.5> 6, l4 Taken together those two discrepancies between the presence of gross morphologic changes in autopsy material and treatment need in living patients indicate that the relationship between arthrotic changes, internal derangement, and pain/dysfunction is complicated and far from linear. That is, the presence of morphologic changes in the joint may or may not be associated with clinical symptoms. Patient diagnosis and treatment planning should therefore be based on both clinical examination findings and imaging evidence of morphologic alterations in the joint. As has been pointed out in earlier studies,15 it does not seem justified to treat asymptomatic persons with morphologic alterations of the joint.
DISCUSSION
The most important result of this study was that the prevalence of morphologic changes were similar in TMJs from men and women under 80 years of age (Table V) . This result disagrees with the well-known Musculoskeletal abnormalities in asymptomatic persons are not unique to the TMJ. A prospective and blinded MRI investigation16 of the knee in asymptomatic volunteers has shown 16% meniscal abnor-, malities consistent with a tear. The same study observed a 13% incidence of abnormality in those persons younger than 45 years of age whereas the abnormalities were seen in 36% of those older than 45, which suggests an increasing frequency of asymptomatic meniscal abnormalities with increasing age.17 Concerning the lumbar disk, multiple studies have The effect of age, sex, and loss of teeth on TMJ morphology are difficult to separate in autopsy studies. This study clearly showed, however, that age is a significant factor with respect to arthrosis and disk perforation. The increase of morphologic alterations observed in older persons is in accordance with earlier studies on both TMJ disorders4 and other musculoskeletal disorders.24
This study showed a similar prevalence of disk displacement, disk deformation, and arthrotic changes in the joints of women and of men. This is certainly different from the patient population in which clinicians see a significantly higher number of women than men.', 2 The probability values, however, were all below 0.30, which indicates that those variables should be considered in logistic regression models.13
There was also a slightly higher prevalence of disk displacement and perforation in the TMJs of women than men in the group over 79 (80 or more) years of age (p < 0.05). The difference in distribution of disk perforations, found in this study, supports the view that in older persons the TMJ disk in the woman is more vulnerable than that in the man.25, 26 It has been suggested that this may be due to inherent sex differences in articular cartilage.27 The findings motivate further autopsy studies with histologic examination of younger specimens to see if earlier stages of disk alterations that may eventually progress to perforations are more common in women than in men in those age groups when treatment need is at a peak. This is a macroscopic study with limitation to gross changes. Repeated examinations on larger groups of specimens October I994 are needed before definite conclusions about possible differences on the basis of sex can be drawn. Differences may also be more truthfully interpreted if the variables are graded according to degree, severity, etc.4, 26 This means that further studies should preferably include dissection and histologic preparations, which are most valuable for more detailed classifications.
The effect of internal derangement
There are few studies on the epidemiology of internal derangement. A recent epidemiologic study2* that investigated 402 persons selected to represent the general population did not find any significant differences between men and women with respect to symptoms of internal derangement. These observations sharply contradict the common finding of a much higher prevalence of women patients among those seeking treatment for symptoms related to TMJ disorders. In multiple studies the women to men ratio ranges from 2.3:1 to 9:1.',2
The correlation between findings of disk deformation, disk displacement, and degenerative joint disease on one hand and symptoms such as pain and dysfunction on the other hand is not clear. It is obvious from studies of asymptomatic volunteers that many persons can have asymptomatic disk displacement. 3, 29, 3o On the other hand a recent study found the prevalence of different forms of internal derangement in symptomatic TMJ patients to be close to 80%.3 It is our experience that internal derangement per se does not always cause clinical symptoms. Internal derangement is certainly a contributing factor, but inflammatory changes in the joint capsule, synovial tissues, and retrodiskal tissues are probably more important for the development of symptoms than disk displacement or deformation per se.
Synovial effusion may occur from inflammatory, degenerative, or mechanical causes.31 A recent MRI study, 32 has shown that joint effusion is more closely associated to pain than disk displacement. It is therefore likely that imaging data indicating joint effusion, which is a sign of an inflammatory reaction, are significant in MRI diagnosis together with documentation of disk displacement. Inflammation and effusion are, however, mostly transient phenomena, indicating acute, active phases of the disease, whereas perforations, arthrotic changes, and displacements are more permanent results that may be identified in autopsy studies long after the acute flare-ups have ceased to occur. This, of course, limits the possibility of correlating autopsy findings in specimens from the elderly to the prevalence of TMJ pain in younger populations. A more expanded discussion about the implications on pain by morphologic TMJ changes is beyond the scope of this article. The readers are referred to an excellent monograph by Johansson-Garnier.33
The effect of loss of teeth It has been suggested in the literature that loss of all teeth may play a role in the cause of TMJ disease.4, ' In this study, joints from those persons who died with 10 or more teeth in each jaw were compared with joints from edentulous persons with or without dentures with no appreciable difference found in the status of the joints in these two categories. These were relatively extreme groups of persons and, if no appreciable difference could be noted at the end of life with these relatively marked criteria, it is unlikely that more subtle criteria at an earlier time of life should have a significant influence on the morphologic status of the joint. It seems reasonable from a mechanical point of view that loss of teeth should affect TMJ morphology in a negative way, but this has not been documented in any large systematic study. Studies with a large number of specimens, carefully matched in age, sex, and status of dentition are needed to assess the effects of those variables on TMJ abnormalities.
Association between various types of morphologic changes
There was significant association between all recorded morphologic variables (p < 0.001) supporting findings in earlier studies.9 For instance, all perforated disks were also displaced, but 76.2% of the displaced disks were not perforated. The association between disk displacement and disk perforation indicates that disk displacement, most of the time, is a necessary prerequisite for progress to disk perforation, but displacement alone may not be sufficient to cause perforation.
Possible clinical use of regression models It was shown in this study that factors of age and sex can be used to create logistic regression models with good accuracy to calculate the probability that a subject has or has not had a specific pathologic change. Such models have a great potential for use as diagnostic aids and for identification of risk groups in artificial intelligence applications when combined with other information about clinical signs and symptoms. This should be helpful, for instance, when making priority lists for examinations that involve invasive or expensive procedures.
P-values have been given for several comparisons even if they were not significant. One reason is that p-values above 0.05 but below 0.30 are considered of Widmalm et al. 423 interest when planning for tests with logistic regression. Another reason is that we consider it to be of interest to know if the p-values were or were not close to significance. The difference betweenp -0.045 and P -0.057 (for instance, see Table VI) is not large. The significance value may be by chance and the nonsignificant value may be lower in a repeated study. Low p-values indicate that the variables may be worth further studies in similar groups.
Reliability of methods used
In this autopsy study, we used cryosectioning and dissections of the TMJ. Cryosectioning is accurate for studying joint morphology34. 35 and for tissue identification even if a more detailed image analysis without risk of tissue deformation is possible only with MR1.s With multiplanar MRI an unlimited number of axial, coronal, and sagittal images can be obtained of the same specimens with an almost 95% accuracy for disk position and degenerative joint disease.s A limitation of cryosectioning is that a limited number of coronal and sagittal sections can be studied. The best method for observing disk perforation is probably dissection. Other macroscopic degenerative changes are also better studied by dissection than by other methods.
The validity of autopsy studies Autopsy studies seldom have access to reliable accounts of the deceased's history of TMJ pain and dysfunction. Many dental patients do not have a complete TMJ examination. Dental records are seldom kept organized and accessible in a way that autopsy findings can be correlated to a history of TMJ pain and to other signs of temporomandibular disorders that may have occurred decades before death. Furthermore, facial pain in the area surrounding the TMJ is often the primary reason for patients to seek treatment for temporomandibular disorder, but it is a poor measure of morphologic or pathologic changes. Pain occurs, for instance, often in connection with stages when no objective signs are detectable with MRI or other advanced diagnostic methods, whereas the final stages with totally destroyed disks may be asymptomatic. 36-38 Early painful stages may have initiated a process that decades later resulted in severe but asymptomatic internal derangement.36, 37 Morphologic changes have been looked on as the result of normal aging processes or signs of past disease processes 3y that may or may not have been combined with pain or dysfunction. In spite of these shortcomings, autopsy studies are valuable and necessary when relating morphologic changes to the factors of age and sex, especially to detect changes only observable in histology preparations. Unfortunately because of the multifactorial nature of TMJ disorders the number of specimens has to be very high to allow an appropriate statistical treatment because the number of specimens has to be in relation to the number of variables. Autopsy studies are needed to obtain reliable descriptions of the natural progress of morphologic TMJ changes from infancy to old age. Reliable information about the distribution, prevalence, and incidence of normal and abnormal changes and the effect of age and sex can then be used to compare with epidemiologic data about prevalence and incidence of clinical signs of TMJ disorders in living subjects matched in age, sex, and status of dentition.
The search for differences in morphologic changes that may explain the sex differences in treatment need is complicated by difficulty in isolating and separating the effects of sex from the effects of age, occlusion, and loss of teeth. The large number of factors with similar effects on the TMJ structures make it necessary to have a very large number of specimens, most probably much higher than most studies have had so far. Taking the need for large samples into consideration, it may be concluded that differences with respect to morphologic alterations in the joints, between men and women, and the effect of age and loss of teeth have still not been systematically documented in studies on TMJ autopsy specimens.
SUMMARY
Disk displacement, perforation, disk deformation, and arthrosis seem to increase with age. Gender and loss of teeth do not seem to have an influence on the amount of morphologic changes in the TMJ at the end of life.
